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(57) ABSTRACT

A non-volatile memory device includes a memory cell array
at least one block having a plurality of memory cells, and at
least one reference cell with respect to each block, an X
decoder and a’Y decoder for selecting a memory cell for an
operation according to an iput address, a page buller for
programming data mto a memory cell selected by the X
decoder and the Y decoder or reading programmed data, and
a controller for controlling the memory cell array, the X
decoder, the Y decoder and the page buflers to calculate a
change 1n a threshold voltage of the memory cells and com-
pensate for a changed threshold voltage of a memory cell
based on a change 1n a threshold voltage of the reference cell.

19 Claims, 9 Drawing Sheets
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NON-VOLATILE MEMORY DEVICE AND
SELF-COMPENSATION METHOD THEREOFK

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims priornity to Korean patent
application number 10-2006-134812, filed on Dec. 27, 2006,
which 1s incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a non-volatile memory
device and, more particularly, to a non-volatile memory
device and a method to compensate for a threshold voltage
shiit.

Flash memory that is non-volatile 1s classified into NAND
flash memory or NOR flash memory. NOR flash memory has
a structure in which memory cells are independently con-
nected to a bit line and a word line and has a good random
access temporal characteristic, whereas NAND flash memory
has a structure in which a plurality of memory cells are
connected 1n series, requiring only one contact per cell string,
and 1s good 1n terms of the level of integration. Accordingly,
the NAND structure 1s generally used in high-integrated flash
memory.

The well-known NAND flash memory device includes a
memory cell array, a row decoder and a page builer. The
memory cell array consists of a plurality of word lines extend-
ing along the rows, a plurality of bit lines extending along the
columns, and a plurality of cell strings corresponding to the
bit lines.

In recent years, in order to further improve the level of
integration in flash memory, active research has been done
into a multi-bit cell capable of storing a plurality of data bits
into one memory cell. This kind of the memory cell 1s gener-
ally referred to as a “Multi-Level Cell (MLC)”. A memory
cell of a single bit 1s referred to as a “Single-Level Cell
(SLC)”.

The NAND flash memory may have an error due to
changed characteristics as 1t operates for a long time.

FIG. 1 illustrates cell distributions 1n a MLC with the
changed threshold voltage.

Referring to FIG. 1, a MLC memory device that can store
2-bit data can have four cell states, which represents data [11],
[10], [00] and [01]. The respective cells are distributed
depending on a program voltage. A cell having the state [11]
refers to a cell that has not been programmed, and a cell
having the state [10] refers to a cell thathas been programmed
to have a threshold voltage slightly higher than a first program
voltage PV1.

Furthermore, a cell having the state [00] has a threshold
voltage slightly higher than a second program voltage PV2,
and a cell having the state [ 01] has a threshold voltage slightly
higher than a third program voltage PV 3.

Furthermore, in order to read the respective cells, first to
third read voltages R1 to R3 are applied to determine cell
states, so that programmed data can be confirmed.

Meanwhile, in NAND flash memory, an operating voltage
should be set in order to secure a retention characteristic. That
1s, the threshold voltage of cells can change as the memory
device 1s operated for a long period of time and the same data
1s retained. Therefore, a method of reducing error by setting
the voltage of a cell from the beginning and performing
program and read operations based on the characteristics has
been developed.
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If the program and erase operations of the MLC memory
device are repeated, electrons are trapped between oxide lay-
ers between the floating gate and the substrate of the memory
cell, increasing trap charges. The trap charges are detrapped
as time goes and temperature rises, reducing the threshold
voltage of a programmed cell. Accordingly, a program volt-
age, 1s set higher than a read voltage by taking the reduction
of the threshold voltage into consideration (It can be seen
from FIG. 1 that the program voltage 1s set higher than the
read voltage).

However, as the threshold voltage 1s shifted lower, the
threshold voltage can become lower than the read voltage,
resulting 1n read errors. A fail phenomenon occurring due to
this problem 1s called “retention fail”. Therefore, 1n order to
prevent a retention fail, the threshold voltage must be
increased, which needs to increase a pass bias for turning on
unselected cells.

The increase of the pass bias causes a phenomenon 1n
which the threshold voltage of an erased cell of unselected
cells 1s 1ncreased, so that the threshold voltage of an unse-
lected cell 1s abnormally 1ncreased. This phenomenon leads
to a faill when there 1s a subsequent read operation. This 1s
called “read disturb fail” caused by a read disturb.

A shift 1n the threshold voltage, causing the retention fail
and the read disturb fail, 1s indicated by the dotted lines of
FIG. 1.

SUMMARY OF THE INVENTION

The present invention relates to a non-volatile memory
device and a selt-compensation method thereof, 1n which the
threshold voltage of a cell can be compensated for 1n order to
prevent a fail due to a change 1n the threshold voltage of the
cell.

According to an aspect of the present invention, there 1s
provided a non-volatile memory device, including a memory
cell array including one or more blocks respectively having a
plurality of memory cells, and reference cells with respect to
cach block, a X decoder and a Y decoder for selecting a
memory cell for an operation, of memory cell arrays, accord-
ing to an mput address, page buflers for programming data
into a memory cell selected by the X decoder and the Y
decoder or reading programmed data, and a controller for
controlling the memory cell array, the X decoder, the Y
decoder and the page butlers to calculate a change 1n a thresh-
old voltage of the memory cells and compensate for a
changed threshold voltage of a memory cell based on a
change 1n a threshold voltage of the reference cell.

According to another aspect of the present invention, there
1s provided a non-volatile memory device, including a
memory cell array including one or more blocks respectively
having a plurality of memory cell, a X decoder and a Y
decoder for selecting a memory cell for an operation, of
memory cell arrays, according to an input address, page buil-
ers Tor programming data into a memory cell selected by the
X decoder and the Y decoder or reading programmed data,
and a controller for controlling the memory cell array, the X
decoder, the Y decoder and the page builers to perform a
periodic read operation on memory cells included 1n each
block of the memory cell array, and to compensate for a
changed threshold voltage of a memory cell by determining
whether the number of memory cells in which fail has
occurred 1s higher than a critical value.

According to further another aspect of the present imnven-
tion, there 1s provided a self-compensation method of a non-
volatile memory device including a memory cell array having,
one or more blocks respectively having a plurality of memory
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cells, the method 1including the steps of measuring a change
amount ol a threshold voltage of a preset reference cell,
calculating a change amount of a threshold voltage of a
memory cell depending on the measured change amount of
the reference cell, determining whether self-compensation 1s
required based on the calculated change amount of the thresh-
old voltage of the memory cell, and if, as a result of the
determination, self-compensation is required, performing re-
programming using a program voltage set according to a
program state of a memory cell.

According to still another aspect of the present invention,
there 1s provided a self-compensation method of a non-vola-
tile memory device including a memory cell array having one
or more blocks respectively having a plurality of memory
cells, the method 1including the steps of measuring a change
amount of a threshold voltage of a preset reference cell,
calculating a change amount of a threshold voltage of a
memory cell depending on the measured change amount of
the reference cell, determining whether self-compensation 1s
required based on the calculated change amount of the thresh-
old voltage of the memory cell, and if, as a result of the
determination, self-compensation 1s required, a read voltage
1s changed and set according to the change amount of the
threshold voltage of the memory cell.

According to still another aspect of the present invention,
there 1s provided a seli-compensation method of a non-vola-
tile memory device including a memory cell array having one
or more blocks respectively having a plurality of memory
cells, the method including the steps of reading data of the
plurality of memory cells according to a preset cycle, count-
ing the number of memory cells 1n which fail has occurred 1n
the read step, determining whether the number of memory
cells 1n which fail has occurred 1s higher than a critical value,
and 11, as a result of the determination, the number of memory
cells in which fail has occurred 1s higher than the critical
value, performing re-programming using a program voltage
set according to a program state of a memory cell.

According to still another aspect of the present invention,
there 1s provided a seli-compensation method of a non-vola-
tile memory device including a memory cell array having one
or more blocks respectively having a plurality of memory
cells, the method including the steps of reading data of the
plurality of memory cells according to a preset cycle, count-
ing the number of memory cells 1n which fail has occurred 1n
the read step, determining whether the number of memory
cells 1n which fail has occurred 1s higher than a critical value,
and 11, as a result of the determination, the number of memory
cells 1n which fail has occurred 1s higher than the critical
value, a read voltage 1s changed and set according to a change
of the threshold voltage of the memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates cell distributions after a change of the
threshold voltage of a MLC;

FIG. 2 1s a block diagram showing the construction of
NAND flash memory according to a first embodiment of the
present invention;

FIG. 3A 1s a graph showing cell voltage, which 1s changed
depending on the operating cycle of the NAND f{lash
memory;

FIG. 3B 1s a graph showing a change in cell voltage
depending on an operating cycle in each cell state of a MLC;

FI1G. 4 1s a view 1illustrating cell distributions when a first
embodiment for cell voltage compensation 1s performed 1n
the present invention;
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FIG. 5 1s a view 1llustrating cell distributions when a sec-
ond embodiment for cell voltage compensation 1s performed
in the present mnvention;

FIG. 6A 1s a flowchart 1llustrating a method of detecting a
change 1n cell voltage and performing cell voltage compen-
sation employing the first embodiment according to a first
embodiment of the present invention;

FIG. 6B is a flowchart 1llustrating a method of detecting a
change 1n cell voltage and performing cell voltage compen-
sation employing the second embodiment according to a first
embodiment of the present invention;

FIG. 7A 1s a flowchart 1llustrating a method of detecting a
change 1n cell voltage and performing cell voltage compen-
sation employing the first embodiment according to a second
embodiment of the present invention; and

FIG. 7B 1s a flowchart illustrating a method of detecting a
change 1n cell voltage and performing cell voltage compen-
sation employing the second embodiment according to a sec-
ond embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Specific embodiments according to the present patent will
be described with reference to the accompanying drawings.

Referring to FI1G. 2, a NAND flash memory 200 according,
to a first embodiment of the present mvention includes a
memory cell array 210 having memory cells for storing data,
an X decoder 230 and a Y decoder 240 for selecting the
memory cells of the memory cell array 210 1n response to an
input address, a page builer unit 220 having page buflers for
programming data into the memory cell array 210 or reading
stored data, a control unit 250 for controlling programming,
and reading by controlling the memory cell array 210, the
page buller unit 220, the X decoder 230 and the Y decoder
240. It 1s to be noted that FIG. 2 only shows a partial con-
struction of the NAND flash memory according to a first
embodiment of the present invention.

The memory cell array 210 1ncludes a plurality of blocks
having a plurality of memory cells, and includes a reference
cell unit 211 having a reference cell for estimating a change 1n
the threshold voltage of memory cells of each block.

Reterence cells included 1n the reference cell unit 211 are
used to estimate a change 1n the threshold voltage of a cell
with respect to each block.

The control unit 250 periodically detects a change in the
threshold voltage of the reference cell of the reference cell
umt 211, and calculates a change amount of the threshold
voltage of memory cells of a corresponding block depending
on a change amount of the threshold voltage of the reference
cell.

Furthermore, a method of confirming a change in the
threshold voltage of the memory cells 1n the first embodiment
can be substituted with a method according to a second
embodiment, where determining whether a fail of a certain
level or higher has occurred by periodically reading data of
the memory cells of the memory cell array 210.

FIG. 3A 1s a graph showing cell voltage, which 1s changed
depending on the operating cycle of the NAND flash memory.
The figure shows a change in the threshold voltage of a cell al
having a first threshold voltage, and a cell a2 having a second
threshold voltage. The cell a2 having a higher threshold volt-
age than the cell al experiences greater shift in the threshold
voltage over time.

FIG. 3B i1s a graph showing a change in cell voltage
depending on an operating cycle 1n each cell state of a MLC.
The figure shows a change in the threshold voltage of cells bl
to b4 in different states, where each state has a different




US 7,542,344 B2

S

threshold voltage. The cell bl represents a cell on the state
[11], the cell b2 represents a cell 1n the state [10], the cell b3
represents a cell having the state [00], and the cell b4 repre-
sents a cell having the state [01]. The threshold voltages of the
cells have the following relationship: V -, of the cell b1<V ,
the cell b2<V ., the cell b3<V -, of the cell b4. FIG. 3B shows
that the cells with the higher the threshold voltage experience
greater shift (1.e., the reduction) 1n the threshold voltage.

A shift rate of the threshold voltage resembles a linear
function. One embodiment of the present invention relates to
calculating the change 1n the threshold voltage of the memory
cells by examining the amount of change i1n the threshold
voltage of a reference cell. An appropriate compensation 1s
made to the threshold voltage of the memory cell using this
calculation. In one implementation, the calculation 1s made
using the data obtained from and FIGS. 3A and 3B.

A change 1n the threshold voltage may be compensated 1n
various ways. One method 1ncludes re-programming the cell
using the original program voltage. Another method 1nvolves
calculating the amount of change 1n the threshold voltage and
then compensates for the change by using a modified read
voltage based on the calculated threshold voltage change.

FI1G. 4 1llustrates the use of a reprogramming process to
handle the shift 1n the cell distribution due to the retention
1ssue according to one embodiment of the present invention.
The cell experiences a shift in the threshold voltage over time
as more and more electrons 1n the floating gate escape. The
cell distributions may change as indicated by dotted lines (see
arrows 401 to 403). A read fail may occur if these cells with
the distribution shiit are read using the original read voltages
R1 to R3. The cells, therefore, are reprogrammed to shiit the
threshold voltages back toward the original cell distributions
(see arrows 411 to 413). The program voltages used may be
the original program voltages PV1 to PV3. The program
voltages are selected according to the program state of each
cell. This compensation step allows the memory cells to be
read using the original read voltages R1 to R3 without expe-
riencing a read fail during a read process. It was done before
and not new. The process for reprogramming the cells to
handle retention 1ssuer 1s merely used once, but 1t affect the
memory cells not experiencing a read fail during the read
process.

FIG. 5 illustrates the use of modified read voltages to
handle the retention 1ssue (1.e., the shift in the threshold
voltage over time) according to another embodiment of the
present invention. If a determination 1s made that the thresh-
old voltages of a cell have shifted (see arrows 501 to 503 ), the
read voltages are changed from the original read voltages R1
to modified read voltages R3 to R1' to R3' to prevent a read
fail. The embodiments illustrated in FIGS. 4 and 5 may be
used separately or in combination.

FIG. 6 A 1s a flowchart 1llustrating a method of detecting a
change 1n cell voltage by employing a reference cell accord-
ing to a first embodiment of the present mnvention, as 1llus-
trated 1n FIG. 2, and compensating for a changed cell voltage
by re-programming the cell.

Atstep S601, a threshold voltage (V1) of a reference cell 1s
measured 1n order to determine whether the threshold voltage
of memory cells included 1n a block of a memory cell array
210 has been changed enough to require compensation. The
amount of change in the threshold voltage of the memory cell
1s then calculated (step S602). The calculation is based on the
threshold voltage change of the reference cell that has been
measured at step 602 and the information that the threshold
voltage change of the memory cell has a linear relationship to
the threshold voltage change of the reference cell, as
explained above in connection with FIGS. 3A and 3B.
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The calculation of the threshold voltage change in step
S602 1s used to determine whether or not the cell requires a
compensation step (step S603). If compensation 1s required 1n
step S603, reprogramming 1s performed by applying the pro-
gram voltages PV1 to PV3 depending on the program state of
the memory cell (step S604). The cell distributions are
brought back to a normal state.

FIG. 6B 1s a flowchart illustrating a method of compensat-
ing for a threshold voltage change according to another
embodiment of the present invention. The method involves
changing the read voltages as part of the compensation step,
as explained below.

At step S611, a threshold voltage (V1) of areference cell 1s
measured. The amount of change in the threshold voltage of
the memory cell 1s then calculated (step S612). The calcula-
tion 1s based on the threshold voltage change of the reference
cell that has been measured at step 612 and the information
that the threshold voltage change of the memory cell has a
linear relationship to the threshold voltage change of the
reference cell, as explained above.

The calculation of the threshold voltage change in step
S612 1s used to determine whether or not the memory cell
requires a compensation step (step S613) to prevent a read
fail. If 1t 1s determined that the compensation step 1s required,
a new read voltage 1s set based on the amount of the threshold
voltage change of the memory cell as calculated in step S613

(step S614).

The new read voltage 1s set 1n the control unit (see FI1G. 2),
so that a voltage whose read voltage has been changed 1s
applied to a corresponding memory cell. Accordingly, a read
fail can be avoided.

FIG. 7A 1s a flowchart 1llustrating a method of detecting a
change 1n cell voltage and performing cell voltage compen-
sation according to another embodiment of the present inven-
tion. The embodiment reads memory cells periodically to
determine whether or not compensation 1s required by count-
ing the number of memory cells experiencing a read fail.

At step S701, the control unit or controller (see FIG. 2) of
the flash memory device periodically reads data stored 1n the
memory cells. The number of memory cells that has experi-
enced a read fail 1s counted (step S702). If the number of
memory cells with a read fail 1s higher than a preset value, the
control unit determines that the threshold voltage of the
memory cells needs a compensation step (step S703). The
program states of the memory cells are determined (step
S704). The memory cells are reprogrammed using appropri-
ate program voltages based on their program states (step

3705).

In one embodiment, the cell experiencing a fail 1s repro-
grammed to a state that 1s most likely to be the program state
of the cell. For example, referring to FI1G. 4, 1T1t 1s determined
that a cell that has failed 1s between the state [00] or [01], the
cell 1s reprogrammed to the state whose threshold voltage
level 1s closer the cell that has failed, 1.e., to the state [01] (see
arrow 413).

FIG. 7B 1s a flowchart 1llustrating a method of detecting a
change 1n cell voltage and performing cell voltage compen-
sation according another embodiment of the present inven-
tion.

At step S711, the control unit or controller (see FI1G. 2) of
the tlash memory device periodically reads data stored in the
memory cells. The number of memory cells that has experi-
enced a read fail 1s counted (step S712). If the number of
memory cells with a read fail 1s higher than a preset value, the
control unit determines that the threshold voltage of the
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memory cells needs a compensation step (step S713). The
control unit sets new read voltages according to the program
states of the cells (step S714).

At this time, the read voltage can be changed by setting the
read voltage applied thereto 1n such a manner that the change
amount of the threshold voltage 1s estimated 11 the number of
memory cells with a read fail 1s the preset value on average.

As described above, 1in accordance with a non-volatile
memory device and a self-compensation method thereof
according to the present invention, a change in the threshold
voltage, which 1s generated as a memory cell repeatedly per-
forms program and reading, a change 1n the threshold voltage
with respect to data that has been stored for a long time, and
so on are detected, and sellf compensation 1s performed.
Accordingly, the reliability of a non-volatile memory device
can be increased.

Although the foregoing description has been made with
reference to specific embodiments, 1t 1s to be understood that
changes and modifications of the present patent may be made
by the ordinary skilled in the art without departing from the
spirit and scope of the present patent and appended claims.

What is claimed 1s:

1. A non-volatile memory device, comprising:

a memory cell array including one or more blocks, each
block having a plurality of memory cells and at least one
reference cell;

an X decoder and aY decoder for selecting a memory cell
for an operation according to an input address;

at least one page buifer for programming data into a
memory cell selected by the X decoder and the Y
decoder, or reading data programmed in the memory cell
selected by the X decoder and the Y decoder; and

a controller for controlling the memory cell array, the X
decoder, the Y decoder, and the page builer, the control-
ler being configured to calculate a change 1n a threshold
voltage of the memory cells 1n the block and nitiate a
step to compensate for the changed threshold voltage,
wherein the calculation of the change 1n the threshold
voltage being based on a change 1n a threshold voltage of
the reference cell.

2. The non-volatile memory device of claim 1, wherein the
controller mnitiates reprogramming of the memory cells 1n the
block as the compensation step based on information
obtained from the calculation of the change 1n the threshold
voltage of the reference cell.

3. The non-volatile memory device of claim 1, wherein the
controller adjusts read voltage levels of the memory cells 1n
the block as the compensation step based on information
obtained from the calculation of the change 1n the threshold
voltage of the reference cell.

4. A non-volatile memory device, comprising;:

a memory cell array including one or more blocks, each

block having a plurality of memory cell;

an X decoder and a Y decoder configured to select a
memory cell for an operation according to an input
address:

at least one page buller configured to program data into or
read data from a memory cell selected by the X decoder
and the Y decoder; and

a controller configured to control the memory cell array,
the X decoder, the Y decoder, and the page bulfer, the
controller being configured to perform a periodic read
operation on one or more memory cells in each block of
the memory cell array, and to perform a compensation
step on the memory cells 1n the block 11 the periodic read
indicates that the memory cells in the block has a high
fail rate.
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5. The non-volatile memory device of claim 4, wherein the
block 1s considered to have the high fail rate 1f the number of
memory cells that has a fail during the periodic read 1s equal
to or higher than a reference value.

6. The non-volatile memory device of claim 4, wherein the
controller initiates reprogramming of the memory cells in the
block as the compensation step.

7. The non-volatile memory device of claim 4, wherein the
controller adjusts read voltage levels of the memory cells 1n
the block as the compensation step.

8. A method for operating a non-volatile memory device
including a memory cell array having at least one block
having a plurality of memory cells, the method comprising:

measuring a change in a threshold voltage of a reference
cell associated with the block;

calculating a change 1n a threshold voltage of a memory
cell 1n the block using the change measured 1n the mea-
suring step; and

performing a compensation step on the memory cells of the

block based on information obtained from the calculat-
ing step.

9. The method of claim 8, wherein the memory cells 1n the
block are reprogrammed as part of the compensation step.

10. The method of claim 8, wherein read voltage levels of
the memory cells 1 the block are adjusted as part of the
compensation step.

11. The method of claim 8, wherein the calculating step
associates a linear function to the change 1n the threshold
voltage of the reterence cell to calculate the change 1n the
threshold voltage of the memory cell of the block.

12. The method of claim 8, wherein the calculated change
in the threshold voltage of the memory cell 1s compared with
a reference value to determine whether or not the compensa-
tion step 1s to be performed.

13. A method of operating a non-volatile memory device
including a memory cell array having at least one block
having a plurality of memory cells, the method comprising:

measuring a change 1n a threshold voltage of a reference
cell associated with the block;

calculating a change 1n a threshold voltage of a memory
cell 1n the block using the change measured 1n the mea-
suring step;

determining a compensation step 1s to be performed based
on 1information obtained from the calculating step; and

performing the compensation step on the memory cells of
the block based on a result obtained from the determin-

ing step.
14. The method of claim 13, wherein the change in the
threshold voltage of the memory cell 1n the block 1s calculated

by associating the change in the threshold voltage of the
reference cell to a linear function.

15. The method of claim 13, wherein the determining step
includes comparing the calculated amount to a reference
value to determine whether or not the compensation step 1s
needed.

16. The method of claim 13, wherein reprogramming of the
memory cells 1n the block 1s performed as the compensation
step.

17. A method of a non-volatile memory device including a
memory cell array having at least one block having a plurality
of memory cells, the method comprising;:

reading data stored 1n the memory cells of the block;

counting the number of the memory cells that has a fail
during the read step;
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determining whether the number of memory cells in which 18. The method of claim 17, wherein the non-volatile
fail has occurred 1s higher than a critical value; and memory device 1s a NAND flash memory device.

reprogramming the memory cells of the block using a 19. The method of claim 17, wherein the non-volatile
program voltage set according to program states of the memory device 1s a NOR flash memory device.

memory cells 1n the block if the number of the memory 5
cells 1s equal to or greater than the critical value. £ % % % %
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